DERWENlT-ACC-NO: 



2000-285773 



DERWENT- WEEK : 2 00025 

COPYRIGHT 1999 DERWENT INFORMATION LTD 

TITLE: Substrate for laser diode, light 

emitting diode 

formation, is provided with inorganic 

mask in gallium 

nitride layer to facilitate epitaxial 

growth of silicon 

film 

PATENT-ASSIGNEE: SONY CORP [SONY] 
PRIORITY-DATA: 1998 JP- 0243486 (August 28, 1998) 
PATENT- FAMILY: 

PUB -NO PUB -DATE 

LANGUAGE PAGES MAIN- I PC 

JP 2000077336 A March 14, 2000 N/A 

011 H01L 021/205 

APPLICATION-DATA : 

PUB-NO APPL-DESCRIPTOR APPL-NO 

APPL-DATE 
JP2000077336A N/A 
1998JP-0243486 August 28, 1998 

INT-CL (IPC) : H01L021/205, H01L033/00 

ABSTRACTED- PUB-NO: JP2000077336A 
BASIC-ABSTRACT: 

NOVELTY - An inorganic mask (3) is formed in gallium 
nitride layer (2) formed 

on the sapphire substrate (1) so that the surface is 
maintained flat. Ion is 

implanted on nitride layer in an atmosphere of oxygen, 
nitrogen through the 

mask and heated. Silicon film is formed selectively by 
oxidation/nitration on 

the nitride layer. The epitaxial growth of GaN layer is 



performed on the 

substrate in horizontal direction. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also 
included for substrate 
manufacturing method. 

USE - For formation of laser diode, light emitting diode, 
electronic element . 

ADVANTAGE - Reduces thickness of growth layer during 
horizontal direction 

epitaxial growth by maintaining flat surface in growth 
layer. Avoids void 

generation between growth layer and inorganic mask by 
avoiding influence of 

edge of mask on growth layer. Improves characteristic of 
device by forming 

excellent crystalline layer on substrate. 

DESCRIPTION OF DRAWING (S) - The figure shows the sectional 
view of substrate. 

Substrate 1 

Gallium nitride layer 2 
Inorganic mask 3 
CHOSEN-DRAWING: Dwg.l/6 
DERWENT- CLASS: L03 Ull U12 
CPI-CODES: L04-C01B; L04-E03B; 



EPI-CODES: U11-C01B; U12-A01; 



<19)H#H#HF/r (JP) (12) Q ^§ ^ ^ £fc ^ (A) <H)»Hftf«&l8#^ 

#^2000-77336 
(P2000-77336A) 
(43)4*IBB ¥^12^3H14B (2000.3. 14) 



(so into.' mimn fi r*H>*(*#) 

H0 1L 21/205 H0 1L 21/205 5F041 

33/00 33/00 C 5F0 4 5 



g?&S<D&23 OL (£ 11 K) 





4(0710-243488 


Cn)WBA 


000002185 










(22)HlKB 


JfiE£10fp8£28B (1998.8.28) 




wamsjumjun btb 7#35# 






(72)«M# 










*e3HWllK*a;H6TB7«35# v- 














C74)«fflA 


100082762 



















(54) tmmmmw&Zi&TPtnw&Hmts. ^.mz^mmrn 



mz%&£omf$.L. *mtommmit't&. mm-? 

X^3JiGaN«2tCS i t 0£fc«N£>r sT^gEA® 
JHR-ri»*\ GaN12t:s i5-f5r>aA«. OiTt 
fcW£^tff§^4>Tfl»&J&\ GaNJl±tSi|g 

zmmmzmim s i is^i^ttig-ftrs ^ 1 t j 



3 




2 GaN» 
•1 ^r^TSSL 



(2 

1 

im$m i ] 'J?%<t i>-±ffitfm.ttto3ik m-v 

£ t ^ i m^mm^mm 

immi ±mm?x?tf±tmm&i 1 1- io 
v^yt iti i> coa^&s i fc £«a t -rait* 

im$m i 4-&< fc fe-±B3waflaifiR m-v 

mt^mmm^j:&mi^±M-±miz^j 3 y& 

it/&*£jgiRWfcSALfc&, JjaHEfcWRUTi 
ES^y rJ^fcJJBK^fc £]3tJEiS£-£6 i k tzi OJifES 
«0>Jb£-±HK:iHfc»' U 3 V *aKfM3Bi£*-* i 5 
tzLUZb 5r«a fc ■« ^*|£SfflS«^gJ5*a. 
[fB&f 5] -f^y^EAS;. >f*y?7X^-h'-A 20 

ffi^^jir^xv v-vyrmizx o±iasco±e- 
±Htc±Ev»j 3 yt? xxs±.mmz&wnzmx?& 
x o iz itiz t **& t -ti mm4 §ffi<vmt*f8.M 
mmzmmm. 

imm6 3 &*<b t-±Bff#MflM 1 1 1 -v 
m&wmm^KhmsLnisir-iEmizis y 3 >t 

MiWllzmALtilk. JbfBffiK£4»5:<kt>B!*££tf 

sffigfttzavxto!: tx \)x>t ±mm 1 1 

fellfcJir^Xv F-ty^StcJ: 9±fB£«?>±lE- 
iiBfcJJES'U 3 y£giR«{;^Ai-£ i o izLtzZb 

urns ] t t,-±ffi*«M-fb!fem 1 1 1 -v 

«Hh-&*mWW»6«r*aHKOJJE-±IB(= v U 3 y£ 

5 1 lkz t k -r s^^jsftfflfflsos^^r 

±ffifc±s>-'j n y imsmtmxi-t x ? c Udk 
[n#s i o i *kk k iii- 



8112000-77336 

2 

±E5/U 3y kUEgSk £KJE$-frl>£ k fc i 0 JJE 
»*>JJE-±iBlcSfl:5' U 3 y SrgiRWfcJBjfct h X 

m. 

[fiWii] ^yaAffi. ^y^x^-t*- 
J*m*tz\t7yX-?V-VyymizX 0±lBS«<o±£ 
-±Btc±IB^ y 3 y tj iif JdBWtaHRWfcJIIX't 

[MS* 12] 4*5: < b fc-iiftWBMHWR III- 
v^b-^j^**>^ ^rl»««<o±^-±fflfc>- y 3 y 
taBW(=«ALfctl, ±eHKt^«flr< k 

tf#ffl§tt>fcii ^XM»: V 3 v b ISSMb 

tSU&Zit&ZblzX *)±SMsL<n±M-'^Ml,zmmy 
y 3 y^SimtMtS J: d t L^^ k Sr#®k 

[ft*«i3j >f=ryaEAa. ^jry^5x^-h- 

-±fflfc±E^ y 3 y $-§lRW£^A-r6 J; a Lfci 

ki&^®k-rs«««i 2 w&<n*mw$Mmm.<m 
mm. 

[mm 14] ^ < k i>~m#m.im& 1 1 1 - 

v^t^9^«s*^^sa«<o±^-±fflt v y 3 y 

tJJBy y 3 y kiMSk 2:Ri5$* h Z. b izX 0± 
IB*«<7)±lB-±Bfc:gftvy 3 y^SHRWKjgjS-rs 

i d iz ikz b zmib i-&¥&&f8.mmfc<?)mmx 
m. 

[ft*jai5] >f^yaEAa. ^*y?5x^-h- 

-±Ht±£^ y 3 y zmmtzmM-z xoiz lkz 
b zmkb-r&smM 1 4wm<?*mtei8.%mmi.<m 
mm. 

[mm 16 3 < k t,-±ffi*Mifi!i^ III- 
vM^j»<i ^sa«^)±a-±B±t v y 3 
y|gs-ss?«t^«L!tm. mmm&'j?%< b t&m 

t^MWKR+fcfev^WRU-C JJ2>- y 3 y^v y 
3 y k±Eig3gk SrRJSS-frl. i k iz X 9±iEfflS<0± 

y 3 ym^mummm-h xnzt 
tiz b mmb-t?>¥mftmmmg.cvmm;. 
immi 7 3 ^< k i>s.M&m.mi& 1 1 1 - 

>mzmsim=.BfSLLKik. isims.amryX'?^ 

mLXlM^ y 3 y§?Ov y 3 y k±IES^k ^Sffi? 
-lirS. Z. b tz X *)±SmLff)±Mi-±mzmit^ y 3 yjg 
taHWfc»tiW-4 J: 3 tzUZZ. b *imb^h¥m 

mmmLcommm. 

mm 183 iWr < k t,-±ffi^b^ III- 



(3 

3 

z%ttwm.*£&^xim tx±m^ u 3 ym^ 0 
3 y t isgmt z&a&Ziti z 1 iz i 9-tjesiStf>± 

imm. i9] ^< t t-±jB3waftft» 1 1 1 - 

SLT±Ev 'J 3 'J 3 y fc JJEgSk 

&z>zt o±iEa«<o±ffi-±ffitcM^^ y 3 yjR 10 

*»RWfc»J«- 6 J: 0 1 Lfci k SttSfc 

[ft*«2 0 ] smhia 1 1 1 - vmte&mmtoz 

&b< k fc-iBWBfl** I I I -Vg^b^B^S* 

*ifcaflsne& 1 1 1 -vitfb&mmikmb z 20 
[»*B2 2 ] jja»vx^*»±iiaflsiw 1 1 1 

-vfcfc£*iNWM:WfcS''J 3y^fct±g-ft^'J ay 

[t»*«2 3] ±£^tmwff¥mMgm?-ch 
ixawmtoman 30 

[000 1] 
[0002] 

XtT^y-wl'J&S (Epitaxial Lateral Overgrowth, 40 

tf . J.Jpn. Appl . Phys. , vol . 28, no. 3, pp. 1337-339, 198 
9), Galitott&mt&UMftft>tlX\*& mi 
tf. B*5*Wi£Jfi«ft*T><4 1 6 28H£lf5 

7HW3£^sb ivaeeaaaaiBB 1 2 5mm$m 1 6 0 

Bffl££^llffl3t£rSft (¥&9if-9R 2 6 B ) . p 
P. 18-2 4) . ZaWjfc\Zf*i'+M&Bffiz 

fc, s«±ts i o 2 mt'frt>% mm-? zfZBtfi 

Lata. -tWifc^NWMfcfcSS-fr*. 50 



^2000-77336 

4 

[0003] flat. Z0J*Mix.*:f*>'+MiBffiz 
(CVD) Jfefcl OWAtfS i O2 JSS-figK-TS. CIO 

s i o 2 momzii. as. o. i jum£U:-?%*. & 

fc. d<0SiO2 Rhfc7*Mjy^57-f-t:J:9Br 
xK»t*— y£-ex?kLTS i Oz M^F^-fX yf- 

[0004] 

[ffeBftft^L-idfci-SiilSI] L*>Ur#£>. 
B?)£fiB&j££T{f *>1&#*8k?X9 k LX S i O2 

tt> i!"5:< k i> s i OiRaJJSoiWWiafciHc^mi 

<£>•?> . 

[0005] S i O2 ii^5:5i)87^?«i 
•y^#<7>x.y^-y^7g« ft£) fit£f|6jx 

■mwbhw. zti\tmgLtm>xm£et>h. 

[0 00 6] Sfet. £R7;%?£fflft*-£S iOi R 

»R«c*±i«S i 02 M^ffS^ffi^OgH* 5 * 

&t&. ^«««±{c«i*i6ixe^^^;u 

[0007] LiZtf-oX. zcomxQBmt. tt<t 
fc-±iWfflflSBfiRl I I -vilHfc^W!^ifl*<5>=fit& 

^tfd^t. *©i««|[S*W<i-*Ci:*fr*. * 
wx >y s^«8N)W)££l|tilBft & XHK>e 
flJ*[6|fc:^§^iS^& { ^<. Lfri>tfL%mk*m 

[0008] 

.ico^Hgo^lco^HBfi. iJ*flr<fcfc-±BWSHfc 
fc, flfcfr|6lxe^^^^;l,^ffl^x^i:LTO*^-v 

£ k *mLk^z^mMsmi&.x-&& . 

[0009] £4>W)iQ$24>%!91H. ^5t< k t>-± 
ffi^gftifis^I I I -Vi^6WNMW»^=Sr4SK» 
-±®fc^U3>tjJ:l^^S5iWi^AL^ S 



5 

[0010] ^colSBB^3 <rmj\\i.. t t>-± 

t i>mmt:istsmwm>izt5^xi}mLx: ^y 3y tig 

St £ t fc: J 9 £KO-±ffi£iM:>' y ^ 

[ooii] z<rmm&4 crm>m. t 1>-± 

o««<7>-±®fc^^ y 3 y £ sswumrs <t 9 

[ooi2] zcornxom 5 ?>%mt. t 

-±m^ y n y t> * # gs ^sarctttsA Lfcti, s 
«£»Ltvy aytwmtzza&Zit&zkizx o 
aRo-iHtaft^ y n > *aHKWt*»w-4 ± a t 

[0013] .I<Of&HHcoSg6 e^H^|i N 4w£< fc 
tBtfMfciliS&I I I -Vg|fl:-^^**^^SS«0 
-Mci^yfcSJRWfc^ALfc®. «S£4*5r< 
- t fc3X£4trSH£to££ Vvtftfl&LTS' y 3 y t ^ 
St SrRiES-es ^tCfcO SRco-iffitMfl:^ y 3 
y*«K«WBRi-4 J: 3 U:£ t J^at^l.^ 

[0014] £<DfgBJ!<7>Sfl7 OfgBBi. Wt< 1 

bo#m«!u 1 1 -vmt^mmm^hm&(D 
y 3 y zmmtmA uz®. mummr 

5X'?9mn:i' , J3>kg.mbt:%JtiZit&Ztlz£ 

OaHK«)-±BIfcaMI^' y 3 y ^sswtc^jsr •& x 0 

izLfczb &mt?z^m%mmmmmx' 

[0015] z<oWJ\ff)m8<r>mte. 'J?%< t i>-± 

m&mimm 1 1 -ymt^mmwt^tchmi^ 

-±iB±(cx y 3 y|S£SlKWfc3j£L*:&. ss^^ 
&< t t,KS$r^tf#Hm+tcfc^TJnl»Lr^y 3y 
Mtf>>- y 3 y t £S t £ 1 K J: 

iiiffcBgfl:^ 'J 3 yM^^iWtJBjaW-S i o fc t *: i 

t ^^iat-rs^*i£^fflais^ss*ffi-cj)-s . 

[0016] £<9?&H|JoJfS9 vmm. <J«5r< 1 

-±ffi±t^ y 3 >mzm8imizBf8.Lti®:. mtm 
mrjx^wmLxi'Vziywicoi'Vzybimk &r 

1 1 J: 0S«<7)-±ffltK^^y 3y^$:S 



(4) ^2000-77336 

6 

mizmm-z x a e w:£ t «r^a m*wntt 
mwmm^mxhh. 

[0017] ZCDftWom 1 OW^BJJi. ^< t *>— 

±Bs*m!Bj^i 1 1 -vmit^wmm^tthmm. 
<^3m±£isvziymzmmizmf8.Lfi:®. imz 
t i>mmzi*tsmmwz}s^xmkLXisv 3 

-iffitcgfl^ y 3 yjgfcgJRIWcjBjfct 6 J: 3 iz Lfc 

-r t £ftst t ■th^mt^^fmu^m^^mx'h & . 
10 [0018] zemmomi 1 w&hbhl ^=5r< 1 

?>-±w±£i'V3>mm8miz&i$.Liz^ mfe 
WSTvX^tmhx i/ y 3 y)g?)v y 3 y t gst £ 
RlES-ii-S i t C i 0 y 3 y|S5r 

SSWtcJgJ^-S J: d fcL^C t £#at1-S#^*« 

[0019] ico^BBwlg 1 2«^(i % 1 1- 

±pf«miMi 1 1 -vti&swmm^**). - 
1 1 - vmtitfto^mfcm ttt-t&z 

t £^f® t -t S¥»*g§T'&& . 
[0020] ^co^HHttJV^T. ¥#ttJfcSfflglSki:. 

[0021] ^co^BB{cfc(,>T. gfl:^ 1 1 1 -vm 
i 0Stfiife^< t t-ao I I I mnmt , ^< 

30 ttNS:^ i%£lz£'>XZMzAsit:tePi:1stt 

vmmtfrt>%&. zwmmm i i-vnt^s 

Ji. 0fi.tf. GaN> A l GaN, GalnN, A 1 G 
a I nN&t'TS>6. 

[0022] ZcomilZ&^X. mUt. ftSWWi. 

■9-7r^fr (#issa 12 o 3 ) ms&m±iz!m& 
<mwm 1 1 1 -vmt&wmm, mmm^ 

40 (fGaNS^^^fcO-CfeoTtJ:^. 

[0023] z<mmcr>m 1 *j «ttxm 1 2oigBBti5v^ 

*««i<o-±fflti^-¥fflrtHj)S^<o<5^. *Ejuv 
x^^Mi^Rco-ifflt^SrS^t^S^', 

<mizg$6t&*ji t^mxfx-S) &m&h%tsz t $-s 
50 mntt<r)ffi%k'iz£~>xmhzti>i>ztf. mi 



(5 

7 

{ 5 0nmOT. tfSfctt 3 0 n mWT. J: 0 #S8fc 
{ilOnmJJTFC&S. 

[0024] Z<r)%Pn(7>m 1 i3 JtfSS 1 2tf>3S«UJfc:i5t> 

wi, wmnfcthm.m?k 1 1 i-v^rc 
^fe^frisafc^y ( s i o« k mitiso^y 

( S i N, ) &fctt£ft60K#fc#&£Lfc&O4>& 

mgimm&ztitus y 3 y§i£«ft* mmfct & - 

fc ± 94*5:< i: i*<^fflfc^j£$*utiHI:i' U a V 10 

m$i&tfmtLi>im?rc8&iz&j£z twx-% . z<?> 

[0025] i<7)^£0^2— S7cOf&Hg(ci3^T g 
-ftfy&ASc. -^y^X^-t'-AiJu /5X?K 
[0026] ^«IK30IB3 t1Hm80timztS» 

[0027] z(D%pncom8~~mi lomiizimx. 
fflo&sa-?:*? t Lx>£g&&z<?)m{ti' y 3 y&a>t 

{iMfcyy3y§t£Jgj£-f&C:fc#T'K ~<t)& 30 

fl:^ 'J n yua jt { jg-fcv y a yKcog«tf)-±B*><i> 

^[iaXt?*;^;H£^£lT3lg§fcJ&£Jf 

fciltSvx^fcw^tSl^^t^^W^tStfn. SI 
&li$St8v;*7 fc LTt&feJ: 9ffl»6*LT»S S i 0 2 
®izit*.Xfr% t )m<X9tte. Mtmizte^ ZOisVa 

ymnrnzu. mm. l^m^m^wtx'. 50 

nmfilT, imiiZ\t3 OnmHT. £ OSSSKte 1 0 n 

[0028] znwftcomi 2ffmmiiz&^x. ?mft 
^ati, gfc^ 1 1 1 -vmt^mmw^m^tih 40 
<7)X'i>ii\m&fjiztek'<?) x 3 *t>toTj>-?T <> x 

[0029] j^coi ^ tflus$n^c: emm% 1 *> 

m?x?bLx<r>mi-?x?tf. m.^-iMtfm'm 
izy-mmx'&Mtix^&z t izx o . fiawA d 

Lxm^h^z&vh$mtfi-mzm&ztih. so 



^2 0 0 0-77 33 6 

8 

b*>. m&x?mzftKvmizimzmmifi 
wnmtiwz&m*t3-z.z,%mm<. tfrhi&m 

k*mvx?t<nffizm$^t&&*titfft&iz'j?% 

[0030] ±&0)X d fc«j££*l££ WJJ,?5Sg2~ 
3*7<ofSHJIfc:J:*U£. ^Sf<fcfc-±M3WSflSlieRl I 
I -v^^s^ft*^^sa«£0-±Bn^<o^'j3 

7X-?mmiz x o , -?-c^E<o-±iftiasv^^ 

[0031] ±j£cr>£ d lzm&^lxrzz<F>m\<r>ms-~ 
m 1 1 <mwiz xtu£ . ^< t t-^Mj^m^* i 

[0032] 

xmm$pmL%fft>mitz. 

[0033] nit Z0m%<r)&i<rmi&mizxh 

[0034] 01fcjjr$-J;3fc. zomicomsffimiz 

7r>fT»«l±t#teS^GaN»2*^JiS<X;= Z 

<7>GaNffl2<o^ffi{c5-f y • ryh' • X^-X}gttC0 

*»VX?3^ GaN«20^ffl* < ll««fc ;s FiB^ 
®tm»t4>il-CV^. Cl<OiEfl|VX^3«GaNfcS i 
O, WStoitiSfii^^S. GaN«2C0ff? 
Ji0li.K2xzmTJ»S. £<0i^^^3^-f 
yffit5iTfX'<—X&i.Mz.tfZtl-?tl0. 5xzmfc 
it^ljumTAS. 

[0035] »CtC. ±.y£0)£ d t=««§ilfc^««fi 

ffls«^ajt*a^^ t ^xmm-z. . 

L0036] H2A(^i-J:3t. t^r-fTS 
«l±fcGaNS25-xt^>'^^§-ti:i„ do 
GaN^2«Xt^^f^;^^fcti. ^{f^S^R 
fl^SvffiJfcg (MOCVD) S2rfflV^„ CZOGaNH 
2«Jjg^fNO-^^*Jf h t . JfifiE^fc LT h 'J^< 
f^tfU^A (TMG) i3 J: t/T y (NHa ) S: 
fflv\ ^^saj^iim5 0SCCMi5J:r/2 0 
SLMtL. KiBE^SrSOOTorr. 2«iaS^7 

00-1 ooox^-fs. 

[0037]^. m2BiZ7FCtXoiZ. GaN«2± 

tzmzmzm^t:?* h*jv^y^~izx*)m^y 
Ay yyY-- x^-xmrnvi/xyw-yAZft 
z<n\yvxY>^-yA<mmt. Mtmiza 



9 

mBkm^yTiZXhgWL (Sfi4 3 6nm) izxvm 
ftLfclS. V'JxYmm.^oZti,zi.*) . 

0. 5*imT&&. 

[0038] iJCt:. Vz/XYW-yAimfoZiXtiG 
aN12©^ity!;3y (Si) £>f :*>i£A-r6 
(02BtK GaNS24>taEA$il5tS i & ■ 

•t) . c:<osi<o>f3ryaA<7)jiJi$x*^-« N js« 

v*?3£2Ws«fc<mrS*:tf>te. GaN«2CD^B 
tti£e> S i Sg#iS< SrS J: a fc«K>fcftjeS*U m 

miiznmn£20kevi l zm.iiti. tt:. Y-xmam 

UilxlO"cm-HzMHtl&. 
[0039] @2Ct^tJ:3t^ V&XYW 
-y43WBfiS*lfcGaNJi2«)^i8fc:IW (O) £4 
*>i£A-fS (020*. GaN^tfK&ASfUtO 

{±. GaNfl2«^ffitatA$^UtS i <Dfrftfc.r<90 
^^fctffiSr&idKStfJu &tttt£tt0!;c.tf 1 0 
k e VI3K&U K-X»iW£tf S i tf) K-XSO 2 
fg«D 2 X 1 0 1 ' c m-2 £g»f ftS . 
[0040] <^t. \s~JXVrt?~y4Z'm£ : Lt&. 
02 D fc^rt J: at. t7r>f TgfiC 1 S-PHxtfS^t 

«s$ti3tr--;i^64»-niiii*-rs^tfcj: | 9. Ga 

Na2tBtA?iX^SitOtS-SJS$-frTSrOx £ 
JBj£U GaNtCSiO, Jj£##StofciX©Jia^5: 
3 £»j£f£. £asMRAfttt, Si tO 
fc<DRJSfc«fc 9 S i Ox tf^j£Sii*&JgJ2LtTS>6vl 

ttf&mtzti. mtf8oo«csre*5. a*, jd 

l»H^a<i^tf3 0^-CS)l». 

[0042] JiUiWJ: 3 .icom 1 omiS&BliZ Xii 
If, GaNf2^U;*i7X?3* { l :<0GaNi2 
. <mM*m%m£¥^m&Vffixm.Vt>tlX\.^Zkl,zJ: 
0. ^O^«t)£#fflffl£Jifc:GaN^^«a0«*[ii] 

G a N^^«c^iE^vX 7 3 coff SO^Jt'Jt^thfcx 

3v^-y=;i$ftnmwxM(Dim*&izimt5-i?> 

[0043] zcnm\<r>&2<mwmiizr>^x 

wmth. c\<m2<rmmmzi5^x\t. miozm 
m£X&mmmm&m<m&}miZ'o^Tm 
its. 

[0 044] £4>fll2a9gfttRIR££Vvtt^ 03 At 



(6) ^2000-77336 

10 

TFCfXoiz. tr. •9-7r-fTa«l±tGaNB2S- 
xt^i^rMttHi. I»GaNl2«iW^ 
y-WHfcgfcli. 0|i.(fMOCVDS^fflV^. .TOG 

aM2 <7)i£^feWim i crmmmt mm?i> * . 

[0045] iJCt. 03Bt*-TJ:3fc. GaNi21 
t^l«^fflv^7 * Y V V ^5 7 * -t J: 9JJf}£«>5 
A y ■ TyY • x^-x&mriVitxYJW-yAZm 

tmmtmmx'S)?,. 

10 [0046] VisXhi*'?->4iM&&iXtZ.G 
aN12(^It:S i fc-fity&A-rS (03B(K g 
aN«2+fc^SiXfcSi£ ■ TScT) . <I<0SiO 

[0047] JWC. *Ht*tfcll. 

H3Cfc*f«koC -<t*7TATWi\*T--)W=> 
n KA*u i r -< 7«« 1 £ 8 0 crceftttMR 

760Torrt^U 6 04HSfi£H-£. 

GaNJf 2#£&A$;ftJtSi tT~-)VjT 5 rt«0 
20 O z fc#KJELTSiO, &BtfLZtl, GaNtSiO 

ft*.. 

[0048] iJUitcJ: 0. aWt-rSHltSrTio^ 
[0049] &±0)£ o fc. Z<7>m2<7)m&mmiZj:tL 

a. A*ymtm. ms&mmzt'izx o . mi con 

iWfflifcJ: S^ftfiE^fflfflS^ mMzWk-t& Zktf 
X'ZZ>. 

[0050] <Xtc. c: emmw. 3 £0HSUg®(cov 
30 Si#rs. ^<7)S3<7)|life^!SfcfcV^{^ ^lOHift 

^©t j: h^m&mm&z uzwrmt-miz-o 
^xmmh. 

[oo5i] z\<?)m3<7mmmi l z&^xii. %2<rm 

immzi5VhT~-)V&5l,Zi5^XOz jfzzmtx 

RfliS-tfdftbot. m^mttii-^y^-fyx'wm 

TJX~?>mt?foZtlz£*). GaN«2+taA$ 
tvfZSikOz fc^RJSS-BrTSiO, ^^L. Ga 

40 tf6t. r--;M^5rttc02 ^^soosccmiS 

LTfitt^3 00mTorrtft^ 13. 56MHz 
c0RFmS35^5 0 0W£0«*^RALTO2 75X7 
^TO^f^a^j^?-*. -K0O2 r^x-etf^ 
7r>fTaSl^ lO^fiim-S. -?-<Ofi!l<7)ii:{i. ^ 

i mmmizi h^w&mwfc<mm-m t mm 
x't>&cDx\ wmt'-nm-h. 
[0052] &tz. z <r>mw& 4 <mm&m,zr>\ ^x 
mmti. z<?)m4<ommBizti^xte. mi oust 

50 ^xwm-h. 
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[00 5 3] Z<Df&4ffymmmiZ}i^Xii.. @4A(C 
ti?f£olz. 4i*. -t7r^7»Sl±(cGaN®2S- 

x^VH&ltCte. {^tfMOCVDScSrfflV^. C1<0G 
a N* 2 OsyyfefHilfl 1 OfSSSMBSi: mra * . 
[0054] H4B(Cj*-?J:3(C. GaNf2± 
dzmfcOyj VTVY- X^-XWfc.<r)WJX Yrt? 

[0055]<JCtC. 04CfcSrr,tdtC. l/y'Xh/V 
-y4iffitfLZtlt:G a NJf 2C0£ffitc8U»fT7;C? 
C VDffifcJ: 0-HM3fWWWfcT J 6rt'7rXS i ( a 
-Si : H) WL6££Mt&. -TOa-S i|g6<7>JS3 
UMi.tfSnm'C&i. 

[0056] iRt. H4Dt^-rJ:dfc:. »J7h^-7a 
y ■ TVY ■ X^—X&tiiCOa-S i : H§6JGaN 

mzumt. jmwwcu, mm, 
ZT-tbywzmv. mgfflmz J 3-z.&zttz£*) . 

y4£*«±fcj£R3;h.;fca-S i : H 
BI6fcfcfcfc|&*U GaN12±tIMII$nfca 
-Si : HR6«>^»r^j:tCj:0. 5^-7yH 

[0 0 5 7] H4E|3jrrj:5£. ^r-f TS 
«l£T--/l4F5Plfc:A*U £W»f:7T>f7»El* 
80 0"CmStJnl*Lfc«S-C, T-->UP5mzOz 
#X£^LTEE*j£7 6 0Torrt^5£U 3 0#IS 
fi^f-TI)., ^flfcioT. a-^Si : Hffi60S i fcT 
-WHFrt^0 2 tff%J&LX S i O, G 
aNCS i O, j£^^tofciS®«*^^S*StiVX 

[0058] z <F>m\<F>m 5 ammwmz^x 
math. z<om5<vmimmizi5^x\i. ast^-r 

^.«MOC VDStCi OGa N^7 Sr«l*|pixe^^>' 

[0059] £<0§S5O§IStf&<gfc:J:*Uf. 3MIS#:iftj| 
Jfl^<0GaNJf 2<9^fflfc*!tfliVA:? 3R«GaN 
B2^affi#ilfifMc¥ffl&tt<B'CIUt ktiX^Z Z b 
IZ£ *) . £<0ffl£±KBjfcH3ilS G a NJ1 l<m S £ 
J?<tS 4fc. 3 «X?y*» 

<0ftjg#G a NJ| 7tCfe»t-5^<0effi^r|6]t|^ii&4 
^.l.i>-?-ixt>^<. 34>fc, GaN17 t*iavX?3 

t vm&amL t ^tmumiz^w 
[0060] zcom<r)m6ff>mimmizx t g 
am^m^-^iz^xwmt&, meizznGa 

V •vi?ffl&t5£VSCH (Separate Confinement Heter 
ostructure) filii?r#tS t<0T'J>S. 
[006 1] H6(3i?f-J:3(C. ZCOGaNmrnW^ 
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mn&myrA rm&2 1 ±£#ttAe>G a n«2 2 

i)*mmtL, ^GaN!2 2<7>fjffi(C^ V • T^K 
• X^-A^<0&|fl5v;*.:?2 3#. GaNJf2 2<0H 

X?2 3J±GaNC:S iO, j£##&t^Jt&ffJlA>£> 
GaN12 2(Dff$J±^tf2jtimT&l.. 4 
,IC9*!S«r?*? 2 3<^4 yiSiS-tt^X^-Xi|@ 

10 ti. miii ZtlZtlO . 5vmt$£VlumX'f)&. 
[006 2] *LX. $m-?X?2 3tfBJli2tlfi:Ga 
Nfl2 2±tryH-TGaN«2 4. nSGaNny 
*?hJ12 5, nlAlGaN?77K126 t nIG 
aN5fcg$[Jl27. Gai-, In, N/Gai-, In, 
N^fi»^#F«^Se« 2 8. pSA 1 GaN^f^r 
•yTJf2 9. pS5GaN3fcg$yi3 0. plAlGaN 
7=7-/Ym3 lfcitfpSGaNny^hJf 3 2#J® 
'<mm2tlX^&. ZZX\ pIA 1 GaN^.y7"Jl 
29li. pSGaN3KSiS«3 0. pSAlGaN^7 

20 •yFB3 1fc<J:tfp^GaN3>':?;J'hJl3 2£l00 
OiCSg(7)iBJgrC^?-«:-&B5(CGai-z I n, N/G 
ai-, In, N^afi^#Fffi3t^vSttfl2 8*^I n 

[0 06 3] niGaN3^?H2 5«JJS« n 
SAlGaN?57K126. nSGaN3l£S8yi2 

7. Gai-, In, N/Gai-, In, N^tt^F 
fflJSO?Stt«28. pSAlGaNaf^ yTfl2 9. P 
SGaN3t^S3 0. pIA 1 GaN?7 y H«3 1 
iJilf pIGaNay^? W13 2{iBr®lico^^»K 
30 Jr^rrS. 4fc. .I^If&fcfcJtSpMAlGaN? 

7 7K13 lOjJf&fcJtfpMGaNny^MIS 

2{CJi-^r|6ltg&tS0t£«ic7)'J 7^3 3HmtfLZ 

GaN3y^?H2 5««fc:ttSi02 K^id^ 

tmm3 3m.vi>tix\,^. ^<o»»j83 3tc«. y 

•y VSJ3 3 cOi^ttfcUP 34a^ ^^fcl?^- 
&a57><0 nlGaN3y??M25 «±««»WiP 
3 4b*^{t^tlT>rVS. -f-Lr. U^y^SliSSi&^fe 

<ioiz P wm3 5imni>tixt5*). ia§iS34^ 

40 SP34a^JitT , J>y> ; ^3 3^)pSGaN3y^^ 
M3 2fcjr-S-y^n>'^^hLTV>&„ tm 
M34^P34b$:atTnSGaN3y^^h«2 
5±fc nfflJSg3 6 5«y^3>^^h LT^ft 4» 

[0 064] JJcfc. ±^Oi3^^$it^r^6<?5 
HStJgffit«J: SGa N*^(*V— !f<7)^i^(;oV^ 

[0 06 5] Cl<7)GaN^i«f*cU— rSrSJfrrst 
4-f. iEfiVX^2 3*«3iS?Wt^SfUtGaN 
50 S2 2±t. MOCVDffitAO. T>H-7*GaNS 
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24S:«|^|6lxt^df^;Hi!cftS-frS. ifcfc. mt< 
MOCVD^tiy. TyF-7*GaNJl24_Lt. n 
!GaN3^? M25. nlA lGaN?77 KB 
26. n3?GaN#g»El2 7. Gai-. In, N/G 
ai-y In, N£MM?#Fflijitf>iSttJ128. pSA 
lGaN*A"y7"Jf2 9. plGaN^)Si3 0, p 
MAI GaN?77 KJf 31fcJ:tfpSGaN:iy*:? 
F®3 2£Jl<ft£||$-»*-.&. In£&£=5:H« 
•CS>67yK-rGaNJ12 4. nSGaNny?? b 
125, nlAlGaN^77Kl26. nSGaNft 
#SJf27. plAlGaNJft77l29, plGa 
N3KS8yg30. P lAlGaN?77 K«31fcJ:lf 
PIG a N 3 y * 9 YWi 3 2 Ojfcgiagtt 1 0 0 0*Cg 
gfcL. I n Gai-, In, N/G a 

i- y In, N^S*f#Ffi!jt«?Stt«2 8«^iaS 
tt7 0 0~8 0 0t:i:t-S. >in^<OGaN^|^f*c« 
<r>$MMm$.. fllX-fcT. I I I&7«T-&SGa?>jgm 
fcl/Cfcthy^f-zMfyW. (TMG) £. I I I Sot 

(TMA)J, III Se7^"CJ>S I n<7)Mfflb LXit 
Vy*+fM>WJ» (TM 1)2:. VfioatifeSN 

ioisflfc LTttry^-r (nhs ) £fflu6„ 
^'jT^xfcLT«. 09^.^ (h 2 > tm.m 

J±. nMH-^bi: LTttffU.tifey V7> (SiH 

y^^x-^v^*>">A ( (MCp) 2 Mg) zm^ 

[0066]St. pSGaN3^^M3 2^ffl 
CrfllifcfCVDiS. x^y^yy^iS&i: 

tft, rosiOj JR±fcyy* r 57*--fc:J:9BiJSBtt 
WUy^bA^-y (H^e-T) £Jft£U £*>l/5*x 
K/-?*-v£ vx? fc LTWx.tf7 7lS«i7fy/ 
?R^fflv^>7X.y hx^fy/tiOS i O2 St£x-y 
f-V^S. <rilfc:J:-?T. piGaN3^^M3 
2±fcSi0 2 JR^^«x<9rf-y^7X^«qnfidii 

[0 0 671 ifct. icoxy^-y^vx^Srffl^T^x 
Jf 50Ett4 *yx »,+y? ( R I E ) ffifc J; 0 nIG a 
N3>-?? H2 5 ttT4itX7f y/S:1t3 . £ 
<Ofc£. fllttf. nSGaN3>^^h«2 5*«0. 5 

[0 0 68] x 7 fy/''7x?Sx7f^ii 
U:&. WWHK^iiffc«li.tfCVDJ6. 
^^yv^fctffciDWittWSjFO. 2^m^ 
S1O2 RfciftftLfcifc. CttSiOt Rhtc'JV^ 
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7 yBftOXyf- f^iKfcJflVvfc^x* hxyfy/fc 
J:DSi02 Rfcx-y^-y^-fa. cfifcjot. 

a5^^tfS«^iifcs i 02 mfrt>%h^*yy-?x 

[ 0 0 6 9 ] £0>x*f-J'*<7*?fcJHVvc0!£ 
tf R I EJfefcJ: 9 pIGaNay^ M3 2<0W$^ 

3TO3 3&ftft-f£. ZCOR I EOT7fymt L 

10 [0070] U V^97 A -fcJ: 0 nJBffifiSBfifc 

■W ) «MW*. 

[007 1 Z<7)Vi?XYrt?-y*~?X?tL 
TWBR3 4*Xvf->'^s;fcfcJcij. E§P34b 

[0072] &{;:. iwu^'x F^-^fcSUt:** 
«*Bita6R^t0!iHae9iafi£t J: 0 T i ft. A 

^-y£*<D±fc®j£3itf;Ti]g. AIR. PtJR 
20 £J:tfAuRj:fc (U7h*7> . 

»SM34c7)BP3 4b<0^^tiJttSnaG 
aNr?y??FJf 2 5±KTi/Al / /Pt/Aufl|ji 
»nlimfli3 6#Jgj££:ft.&. 

[0073] &{;:. saMfxtfflflSWifctrtYC 

8 0 0iCC10^HR«ia5:tf9C:fctJ:0. pIAIG 
aN^.y7JI2 9. pSGaN5l^[fl3 0. pIA 
1 GaN?77 YM3 lfcitfpSGaNny?? Wl 
3 2\Z Y-TZidi. P £3»HIW>*SMWSttfc*fT 3 fc 
fcfcfc. nfflWWi3 6^To>f5!ia?rtfo. 

30 [0074] ifct. 'J y/57Y -££ 9 y yy»3 3 

[ 0 0 7 5 3 ifcC. itOU^'XF^-yJrVX^fcL 
TI6H«3 4tXyf->'^4i fctJt 9SP34 a£ 

U »5>»3 30±iBS-Saj$-l!-|,. 
[0076] mz. y y ^97 ^ -KJ: 0 Pfi3mfii^)£ 

[00773 i^t. m&&mzmum£mmmtzi: o 

40 NiH. PtittJi^AullfcJRWBRUfcafc. WJX 

b>W-y£*(7)±Lzmf8.i}titiN i R. P tlgfectlX 
AulgfcfcfetCl^-fS. Cl*ltCj:-pT. y»^»33 
tiJt*«oT. Ni/Pt/AuflBtOpfflSmfii3 5A« 

eoovTioMmmzmzttzj:'). pmm&3 
[0078 3 ±j&co£ ? iz ix v-^rmmm 

tf&tdZ c BW7 T >f Tfflg 2 1 ?:VN'-«tSnl LTM 
50 ^. Z(Vt-Z1-v7<L-tZ. ZtHz±-?X, mti- 
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[0079] d^®6«0HSBg®fc:J:ii{dr. aggvx? 

2 3&mmizmtfLztit:G a n«2 2±t«^ri6ixe 

^/^^t J: 0 TV K-TG a NJf 2 4 Sr&JJ =5r 
ft*. G a N^^f*H *> fi^^fatt t £ t #T 

[0080] J3Lh. ^WJJcOll^ffilfcOVvcftftft 

i o o 8 1 ] Mm. ±j&com i ~~&6<?mmi&izt5 

^TWftll. tm. Kfk Tn-fcxfr 

&S&ffi. ttfK «it. H£k ro-feX^rt'^ffl 
wet in. 

[0082] Mi*mz\t. IMvm 1 ~860SQ£»Jg 
fcfc^TJi. G a NS^Sffrswitr** s"Y7Mfc£fcM 
OCVD££jgvvo*S#. -rcDGaN&^fl^xe 
?*i" J r)\>&3tz\±. 9ULM>\4 KSfflxt:?* 

(HVPE) ££fflWti>J:<. 
T&xtf;?^- (MBE) &£fflUT 

[0 08 3] ttz. ±a«m2c0HJ©g©tfcV^Ttt. 
GaN!2tSi tfmmilzj ^ymx^tifz^y r A 
rmx. i $■ o 2 #x#h^+-cm&3-£ ^ 1 1 i o s i 

Xfpffl^ifCJlia-rSClttiOSiO, «L,1 

mr&t, is*ffl^±4 o oxx Mfe^ 

{±6 0^TfcS. 
[0084] 
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cox „ i%h^i£g|l^^)ffioaBmic 

[0085] zwwftizi. h^mwmmw^m^n 
jaciwar. t 1 1 1 -v& 

[0086] £«8fflifc J: JEiitf. £K 

«-±BB=, ^fixK^S^MSfiffivX^iLT 

*t6*iT^4ikfcJ: "9. Cio*lS±t^ri6jxt^^ 

#mmzmm-& z t « . 

[H 1 1 £ ^53^m 1 «@gH9BSCJ: 

[02]^ cnminm i constat i s^#«c^ffl 
[03] z<rm\<m2<rmmmi,z£h^tof&m 

[05] zmmnm semmmz* t^mfti&m 
30 mpmv&*mtt&t##mBBKt>&. 

[06] ^<O^HH<7)^6<0||St»®fcJ:SGaN^|^ 
[^<7)SIBH] 

1. 21 • • 2. 7 - • - GaN 

3. 23 - • 24- ■ -TVH-r 

GaNf 



[01] 
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32fp> 





30(p] j»9G»N*4HjH 

2 9 (pi p3/UG.N***7B 

28 mm 

27(n) t>9GaieKM» 
2B(>> dSA1C>N*77HB 



- Z&00 nfflGaN=3>?? hS 
22 G»N8 
21 ^7r>fTHtt 



F?— 5F041 AA40 CA04 CA05 CA34 CA40 

CA46 CA54 CA57 CA65 CA71 

CA73 CA74 CA77 CB05 

5F045 AA04 AB04 AB09 AB14 AB17 

A001 AC08 AC09 AC11 AD08 

AD11 AD12 ADD AF04 AF09 

AF20 BB12 DC68 HA15 



